ABSTRACT. Many protected areas (PAs) have followed the conventional and exclusionary approach applied at Yellowstone in 1872. As such, many parks have failed to fully integrate other important factors, such as social, cultural, and political issues. In some cases, this has triggered adverse social impacts on local communities, disrupting their traditional ways of living and limiting their control of and access to natural resources. Such an outcome can undermine protection policies through conflicts between park managers and local communities. The success of conservation strategies through protected areas may lie in the ability of managers to reconcile biodiversity conservation goals with social and economic issues and to promote greater compliance of local communities with PA conservation strategies. However, there are very few quantitative studies identifying what the key factors are that lead to better compliance with PA conservation policies. To address this issue, we conducted a meta-analysis of 55 published case studies from developing countries to determine whether the level of compliance of local communities with PA regulations was related to: (1) PA age, (2) PA area, (3) the existence of a buffer zone, (4) the level of protection as defined by IUCN categories, (5) gross domestic product per capita, (6) population density in the vicinity of PAs, and (7) the level of local community participation in PA management. We found that local community participation in the PA decision-making process was the only variable that was significantly related to the level of compliance with PA polices. In general, the higher the level of participation, the higher the level of compliance. This has important implications for PA management and suggests that greater inclusion of local communities in management should be a key strategy for ensuring the integrity of PAs.
INTRODUCTION
The establishment of the first protected area (PA) in the world, Yellowstone, in 1872, was a response from the western civilization to uncontrolled degradation of biodiversity and ecosystem services (Lane 2001 , Pretty and Smith 2004 , Chape et al. 2008 . Since then, the number of PAs around the world has increased exponentially. According to Chape et al. (2008) , in 2005, the world reached a total of 144,296 protected sites, covering an area of 19,381,000 km², or 12.9% of the earth's land area. This is definitely an achievement, but establishment of PAs alone cannot safeguard perpetuation of biodiversity (Wilshusen et al. 2002 , Mascia 2003 , Aswani and Weiant 2004 , Pretty and Smith 2004 , Hayes 2006 , Ban et al. 2008 .
Many PAs have been established following the same conventional and exclusionary top-down approach applied at Yellowstone in 1872 (Lane 2001, Pretty and Smith 2004) . As such, many parks have failed to consider other important factors, including social, cultural, and political issues. Frequently, communities are forbidden from extracting natural resources that are important for their livelihoods, and in many instances, traditional communities are removed from their lands with little consultation or adequate compensation , Brown 2003 . Inevitably, this has often triggered adverse social impacts on local communities, disrupting their traditional ways of living ). This approach can result in hostile attitudes toward conservation strategies , jeopardizing protection policies through conflicts between park managers and local communities, reducing the effectiveness of PAs for biodiversity conservation (Lane 2001) . For example, in Bwindi Impenetrable Forest, Uganda, after the national park was gazetted, several fires were deliberately set, burning 5% of the forest . In Tsitsikamma National Park, South Africa, local communities practice illegal activities as a form of retaliation to command-and-control conservation policies ).
There is some evidence suggesting that local communities are more likely to comply and to commit themselves to long-term conservation strategies when their knowledge and opinions are incorporated into PA decision-making processes (Mascia 2003 , Pretty and Smith 2004 , Gelcich et al. 2005 . On the other hand, others have suggested that enforcement is the cornerstone for the success of conservation in PAs (Bruner et al. 2001, Lock and Dearden 2005) . Therefore, despite extensive knowledge about PA management (Chape et al. 2008) , there is still little agreement about how compliance with PA policies could be better achieved. Consequently, a critically important question is, "What are the factors that influence and enhance compliance of communities with PA policies?" Although many case studies have individually assessed this question for specific PAs, few quantitative studies have attempted to make general statements about the factors that lead to better compliance with PA conservation management plans.
We specifically addressed this issue by conducting a metaanalysis of 55 published studies on PAs from developing countries where anthropogenic activities are an important component of the pressures on those reserves. Based on data collected from these studies, we used regression analysis to determine whether the level of compliance was correlated with: local community participation in PA management, age of PA, area of PA, the existence of buffer zones, International Union for Conservation of Nature (IUCN) PA category, gross domestic product (GDP) purchasing power parity (PPP) per capita, or human population density.
METHODS
We conducted a systematic review and meta-analysis of relevant published studies on PAs and extracted specific information from these studies to allow us to identify which factors may influence the level of community compliance with PA regulations. From the studies identified in the review, we extracted information on the level of compliance (the dependent variable) and identified a range of factors (the independent variables) we considered likely to determine compliance levels. We then statistically tested for relationships among compliance and the independent variables using regression. The aim of our meta-analysis was to combine multiple studies to reach consistent and general conclusions (Petitti 2000) .
In order to select relevant independent variables, we first defined four major factors considered likely to influence the level of compliance. These were: (1) PA characteristics; (2) social characteristics; (3) availability of resources; and (4) PA management approach. We then chose specific variables to represent each group (Table 1) . The variables chosen to represent each group were identified based on a priori hypotheses about the likely drivers of compliance. For instance, PA age was selected because there is an assumption that management will improve over time, and therefore, older PAs are likely to be more efficient than those more recently established (Dudley et al. 2007 ). Likewise, PA budget, staff, and size have also been selected due to their interconnection with the effectiveness of PA management in the long term (James et al. 1999 , Dudley et al. 2007 ). In developing countries, larger PAs areas require a proportionally large amount of investments, and usually, such countries constantly face funding deficits (James et al. 1999 , Bruner et al. 2004 , Dudley et al. 2007 ). In addition, according to James et al. (1999) , PA managers are likely to invest more on staffing with their available budget. Moreover, population density was selected because population pressure on natural resources might cause extensive ecological degradation . Therefore, population density could be a crucial predictor influencing local communities' compliance with PA policies. GDP PPP per capita and adult literacy rates were included because we believe that richer countries tend to have a more educated population, facilitating active community engagement in decision-making processes, which might influence compliance with PA policies (Reed 2008, http://www.ecologyandsociety.org/vol17/iss4/art14/ Sultana and Abeyasekera 2008) . IUCN category was selected because it represents the intended level of protection according to the management objectives of each PA. The category is recognized by international bodies such as the United Nations and many national governments (IUCN 2011) . This variable could, therefore, be vital when measuring the level of compliance with PA policies. We included buffer zones in our analysis because they are often used as an outreach tool to minimize impacts of PA implementation on locals (Wells and Brandon 1993, Lynagh and . Therefore, how locals accept this resource area could be an important predictor influencing the level of local communities' compliance with PA policies. Finally, the level of local community participation in PA management seems to be a crucial factor for the longterm success of conservation strategies on PAs, influencing the level of local community compliance with PA policies. Note that analysis of the global drivers of pressure on natural resources is beyond the scope of this study. Therefore, we only consider local factors.
To select studies for inclusion in the meta-analysis and to minimize bias, we used the approach of Pullin and Stewart (2006) . We searched the ISI Web of Science and Science Direct databases and published books to identify relevant studies. Initially, we used the key words: "protected areas," "local communities," "participation," "conflicts," "comanagement," "participatory approach," "conservation," "attitude," "perception," "case study," "livelihood," and "community-based natural resource management" in different combinations to search for articles. After reading abstracts, we initially deemed 80 articles to be relevant. Pullin and Stewart (2006) recommend that, in order to select relevant articles from a large number, it is vital to apply exclusion and inclusion filters, or criteria. We applied two filters as follows:
First, from those 80 articles found in the first search, we read the study area description to make sure that it contained sufficient information to characterize the PA in terms of PA age, area, IUCN category (IUCN 2011) , and whether a buffer zone exists, or that this information was available through ancillary sources such as the World Database on Protected Areas (WDPA 2009). Case studies for which we could not find the majority of this information were rejected. The number of relevant articles dropped from 80 to 50 after applying this filter.
Second, we read, in depth, all 50 remaining articles to certify that they were relevant to our question. We rejected articles that did not explain specifically the level of compliance of local communities and the community's level of participation in PA management. After applying this filter, the number of studies dropped from 50 to 35.
We then conducted a manual search for case studies in published books and the reference lists in the selected articles. After this process, we applied the above two filters to the selected articles again, resulting in a further 20 articles. Therefore, in total, we incorporated 55 relevant case studies in the meta-analysis.
Next, we developed qualitative criteria for categorizing the level of community compliance with PA policies into "high," "moderate," and "low" categories (Table 2 ) and for categorizing local community participation in PA management into "included," "partially included," and "excluded" categories (Table 3) . For each study, we identified whether a buffer zone had been adopted or not. We also determined whether the park was classified as an IUCN category I-IV (stricter protection) or IUCN category V-VI (multi-use) to represent the level of protection of each PA (IUCN 2011; http://www.iucn.org/about/work/programmes/ pa/pa_products/wcpa_categories/). (WDPA 2009) . We then applied a 10-km buffer zone around each PA, allowing us to calculate population density for each PA within 10 km from the PA's border.
To further identify potential problems with collinearity among independent variables we calculated the Pearson correlation coefficient among all pairs of variables. According to Booth et al. (1994) , correlations >0.50 are considered high, and one of the variables should be excluded because they act as proxies for each other. We followed this protocol here.
Cumulative logit models (Agresti 2002) were then used to model the relationship between the ordinal categorical compliance variable and the explanatory variables. Cumulative logit models are regression models for modeling the relationship between an ordinal response and either continuous and/or categorical explanatory variables (Agresti 2002) . The general form of the cumulative logit model used is: (1) where (2) is the probability that the observed compliance category is less than category j for all ordered categories j = 1,...,J -1; α j is the intercept for category j; β is a vector of regression coefficients; and X is a vector of explanatory variables. The regression coefficients represent the relationship between the independent variables and the probability of being in a category ranked lower than j. Prior to analysis, all noncategorical variables were standardized to have a mean = 0 and standard deviation = 1. We then used stepwise procedures (both forward and backward), based on likelihood ratio tests (Hilborn and Mangel 1997) and p = 0.05 to identify any significant independent variables. We also fitted the saturated model (i.e., the model containing all variables) to the data. Statistical analyses were conducted in R version 2.12.1 (http:// www.r-project.org/) using the "polr" function in the "MASS" package. Initially, due to lack of information for some case studies for PA area and IUCN category, we ran our model selection procedure based on data from 48 studies that had no missing data.
RESULTS
Among the studies included in our analysis, six were based in South and Central America, 25 in Africa and 24 in Asia (Appendix 1). The studies were based on parks with IUCN categories ranging from strict protection (I-IV) to multi-use (V-VI). There was substantial variation among the times since the PAs were established, ranging from recently established (less than 10 years old) to reasonably old (more than 50 years old). In addition, the total area protected varied substantially, from very small (<10 km²) to very large (>40,000 km²).
We found that adult literacy rate was correlated with GDP PPP (r = 0.5329) and so it was excluded from further analysis. For many countries, up-to-date information on PA budgets and staff numbers was unavailable. However, we found that GDP PPP was somewhat correlated with PA budgets (r = 0.3529) and budgets correlated with staff numbers (r = 0.3520), and therefore, we used GDP PPP per capita as a surrogate for both variables in the absence of sufficient data on PA budgets and staff numbers.
Consequently, we retained a total of seven independent variables in the analysis: PA age, PA total area, the existence of a buffer zone, the level of intended protection determined by the IUCN category, population density in the vicinity of the PA, country's GDP PPP, and the level of local community participation in PA management.
Both forward and backward stepwise procedures identified local community participation as the only significant predictor variable in the final model. Therefore, as the final model did not include PA area and IUCN category, we were able to run our model for the second time with the full data set from 55 case studies and extracted the regression coefficients. The regression coefficients indicated a positive relationship between community participation and compliance (Table 4) . This suggests that enhancing community participation may be one of the most effective ways of achieving compliance with PA policies. However, with a large standard error, there was considerable uncertainty about the value of the coefficient for participation in the "included" category due to a small number of case studies in that category. For the saturated model, although non-significant, age, existence of a buffer zone, and GDP PPP were positively related to compliance and PA area, and IUCN category and population density were negatively related to compliance (Table 5) . 
DISCUSSION
This meta-analysis has demonstrated that the inclusion of local communities in PA management is likely to be a key determinant of the level of compliance with PA conservation strategies. Therefore, it appears that, in general, local communities are willing to comply with PA policies and rules when they are included in the PA decision-making process. Importantly, this is the first study to explicitly test for the generality of this relationship by formally integrating data across studies. The inclusion of local communities in PA decision-making processes may promote a sense of ownership, where locals cooperatively protect reserves from outsiders and also regulate their own use of natural resources , Aswani et al. 2004 , Pretty and Smith 2004 , Ban et al. 2009 ). In Roviana, Solomon Islands, for instance, women involved in a conservation project realized the greater value of being empowered by their own community. As a consequence, they are now managing and monitoring natural resources more comprehensively and setting their own rules to halt illegal activities inside strict resource use zones (Aswani et al. 2004 ). According to Aswani et al. (2004) , the program's success may be attributed to five important factors: (1) a high level of participatory involvement and community leadership, (2) the enhancement of local perception that natural resources have been recovering gradually, (3) a combination of scientific and traditional knowledge, (4) economic incentives created by the alternative income generation, and (5) well-defined boundaries allowing enforcement to take place.
The central pillar of a participatory approach is the creation of a cooperative relationship with all stakeholders, building relationships based on voluntary compliance rather than draconian enforcement (Lane 2001 , Mascia 2003 . This does not mean that enforcement must not exist, however, it has to be promoted through participatory decision making with all stakeholders involved (Aswani et al. 2004 ). Rules must be clear and easy to understand, where internal and external boundaries are well defined and recognized by both resource users and PA personnel (Mascia 2003) . Although well trained, equipped, and motivated personnel are vital for the success of most PAs, adequate governance must guarantee that penalties will be applied and consistently enforced (Dudley et al. 2007, Nkhata and Breen 2010) . Such statements confirm our research findings that promoting local community participation in a PA's decision-making process can be a powerful strategy to enhance compliance with the PA's polices.
Stewardship may only be effective if alternative economic incentive programs are also developed with a participatory process (DeFries 2007). The most important goal in this case is to foster economic development of local communities, improving their livelihoods and at the same time reducing the exploitation of natural resources inside the reserves (DeFries et al. 2007 ). For example, in Kilum-Ijim Forest, Cameroon, since an income livelihood project began in 1987 through a participatory approach, the park's boundaries have been respected, and the local community now has a positive attitude toward the conservation program (Abbot et al. 2001) . Therefore, based on our research results, we could suggest that, without participation and consent of local communities, an outreach program might not be effective in halting illegal activity inside PAs. Moreover, if implemented as the sole strategy, alternative income generation programs could promote dependencies, creating a misconception that locals support external economic assistance (Pretty and Smith 2004) . Instead, alternative income generation must be aligned with capacity building, which is likely to play an important role in ensuring long-term sustainability. According to Pretty and Smith (2004) , the learning process of ecological and physical aspects of an ecosystem is paramount for the success of any participatory management approach. This promotes positive changes in attitudes toward conservation strategies (Pretty and Smith 2004, Ban et al. 2009 ). Environmental education and training in technical aspects such as financial management, agriculture improvements, and marketing are some examples of capacity building in local communities (Abbot et al. 2001 , Kaltenborn et al. 2008 . Capacity building must also be extended to PA personnel, thus improving their natural resource management, conservation planning, and social skills in conflict resolution and diplomacy (Akama et al. 1995 , Ban et al. 2009 ).
The exploitation of certain natural resources inside PAs on a sustainable basis often improves the living conditions of local populations and, at the same time, can diminish conflicts between locals and PA authorities (De Boer and Baquete 1998, Anthony 2007) . We would expect that those PAs under strict protection (IUCN categories I-IV) would permit lower levels of exploitation than those under multi-use arrangements (IUCN categories V-VI), influencing compliance with PA policies. However, the analysis of the non-significant relationship between IUCN category and compliance with PA policies did indeed indicate a possible negative relationship, suggesting that IUCN category might not influence compliance at all. Therefore, we could speculate that the non-http://www.ecologyandsociety.org/vol17/iss4/art14/ significant relationship could be attributed to the lack of a relationship between IUCN category and the level of exploitation permitted. As a conservation strategy to reduce conflict between local communities and PA authorities, many PAs under strict protection (IUCN categories I-IV) now allow local communities to extract certain amounts of some forest products at certain times of the year (Dudley et al. 2007 ). For example, in Batang Ai National Park, Malaysia (IUCN category II), permission was granted for indigenous groups to harvest natural resources inside the park under certain conditions . This is evidence of paradigm shift, where PA managers are noticing the advantages of working with locals and understanding their needs without jeopardizing the ecological integrity of PAs. Our finding suggests that compliance is driven primarily by local involvement in the PA decision-making process and not the intended protection level. In this case, we could speculate that the intended protection level will have little bearing on compliance once park authorities better understand the peculiarities of a PA and its surrounding communities, giving flexibility to predetermined rules, and aligning local communities' needs and aspirations with the local biodiversity conservation strategy.
Buffer zones are usually areas around PAs that often have dual roles: conservation, provision of additional protection of core conservation zones from disturbances, and development, benefiting local communities economically (Wells and Brandon 1993, Lynagh and . We identified a positive relationship between compliance and the existence of a buffer zone, suggesting that buffer zones may somewhat enhance compliance, but this was also a non-significant relationship. The success of buffer zones may be influenced by many factors that we have not taken into consideration in this study, such as availability of natural resources, political decisions, corruption, or social equality. However, the limited impact of buffer zones on compliance may be more related to their implementation, rather than the concept per se (Wilshusen et al. 2002) . Lack of local community empowerment in decision making, transparency and an adequate benefit-sharing system are major drawbacks of buffer zone programs (Budhathoki 2004) . For instance, in Royal Chitwan National Park, Nepal, park revenue is used to compensate for restrictions on natural resource use rather than to sponsor outreach programs and collaborative management with local communities (Budhathoki 2004) . However, in Lobeke National Park, Cameroon, community hunting areas (the buffer zone) were gazetted in an exemplary participatory approach, allowing local residents to generate substantial financial resources from sport hunting, which are used to sponsor several community development activities, such as community farms, purchasing basic medical supplies, and running education programs . It is clear that any PA decision-making process could potentially affect the livelihoods of those living adjacent to PAs. Therefore, based on our findings, it is reasonable to suggest that there is limited scope to improve compliance with PA conservation strategies if local communities are not engaged in crucial PA decision making, such as the implementation and management of buffer zones.
Our analysis showed that PA age and area were not significantly related to the level of compliance. Despite nonsignificance, it is realistic to suggest that more time and effort may improve management and, indeed, there was a positive relationship between PA age and compliance. However, time alone (i.e., PA age) will not necessarily result in improvement unless an effective management plan is put in place (Dudley et al. 2007 ). This may be one of the reasons why we did not find that PA age was a significant factor relating to local community compliance. Area of a PA showed a negative, although again non-significant, relationship with compliance, possibly suggesting that the bigger the PA area the lower the compliance. For developing countries, due to limited financial resources, equipment, and staff, patrolling and enforcing policies for large PAs may often be difficult, which could explain this weak relationship , Gelcich et al. 2005 , Ban et al. 2008 ). However, we could speculate that patrolling and management costs of such big areas can be reduced with local community collaboration, wherein locals could voluntarily act as local law enforcers, inhibiting and reducing outsiders' illegal activity in PAs , Aswani et al. 2004 , Pretty and Smith 2004 , Ban et al. 2009 ). Such stewardship can only take place if local communities feel included in the decision-making process, securing their livelihoods and natural resources that they rely upon.
We may also be able to draw some insights from our analysis into how population density and country-level GDP PPP per capita relate to compliance, despite the non-significance of these explanatory variables. For example, GDP PPP per capita was positively related to compliance, suggesting a tendency for richer countries to have higher compliance with PA policies. However, other factors such political will, corruption, and social inequality might ultimately determine the effectiveness of financial resources, thus influencing our results. There may also have been scale mismatches between the country-level GDP data and the economic status of populations living in the vicinity of PAs. Population density tended to be negatively related to compliance, suggesting that higher population densities around PAs may result in lower compliance with PA policies. However, once again, there may have been scale mismatches between the scale at which human population density was measured and the scale at which local communities interact with PAs, thus affecting our results.
Although we have demonstrated that the inclusion of local communities in PA decision making tends to improve http://www.ecologyandsociety.org/vol17/iss4/art14/ compliance with PA policies, further studies are needed to understand the impact of these strategies on biodiversity outcomes; this was beyond the scope of this study. However, many PAs are undertaking assessments of management effectiveness to evaluate how well they are meeting their conservation goals (Hockings et al. 2006) . It was expected that, from this process, at least 30% of PAs in each country would have completed these assessments by 2010 (Hockings et al. 2006) . With this information, future studies may be able to determine key strategies that meet conservation goals, while also promoting social and economic benefits to local populations living adjacent to PAs. Moreover, there are other variables, such as cultural attitudes, tradition, stewardship, and type of governance that might influence the level of local community compliance with PA policies. However, such information can only be acquired when the peculiarities of each PA are studied in depth. So far, this information is not available. We believe that future studies on PA management could contribute to a more thorough evaluation of those variables, assisting PA managers to resolve issues with PA decision-making processes.
CONCLUSION AND IMPLICATIONS FOR PROTECTED AREA MANAGEMENT
Removing local communities from lands that they have been exploiting for generations without consultation or adequate compensation can result in retaliation and hostile attitudes toward PA objectives. Restricting local access to natural resources, which can play a crucial role in their livelihoods, health, and culture, might favor biodiversity conservation in the short term. However, in the long term, such strategies may fail to preserve biodiversity if park authorities disregard the importance of simultaneously promoting active local community participation in PA management, capacity building, implementing adequate outreach programs and also efficient governance, guaranteeing that penalties will be applied and consistently enforced. The recognition of the dependence of adjacent communities on some natural resources inside PAs has revealed to decision makers the real downside of the conventional command-and-control management systems ). Thus, the importance of collaborative management to enhance biodiversity protection has become critical for the long-term success of PAs , Yonariza and Webb 2007 , Kaltenborn et al. 2008 .
Establishing and maintaining PAs require both political and financial commitment in the long term. Often PAs in developing countries have a common funding deficit feature (Bruner et al. 2004) . Considering this, we believe that partnerships with local communities and PA authorities could promote a win-win outcome. Allowing more active local participation in PA decision-making processes means that PA financial resources can be better invested in improving governance, local capacity building, participation, and outreach programs rather than draconian measures. For instance, patrolling and management costs could be reduced with local collaboration (Boissière et al. 2009 ).
We have shown that one of the most important general strategies for developing local community acceptance of PAs may be community participation in PA management. Including locals in decision-making processes can potentially create a sense of stewardship, where local residents collaborate with PA managers and act together to conserve biodiversity in PAs and local livelihoods Community is consulted through some meetings, but does not influence PA management (Picard, 2003) Tsitsikamma National park (including the terrestrial and marine park) 
